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IMPORTANCE Psoriasis is a chronic inflammatory skin disease associated with increased

coronary plaque burden and cardiovascular events. Biologic therapy for psoriasis has been

found to be favorably associated with luminal coronary plaque, but it is unclear whether these

associations are attributable to direct anti-inflammatory effects on the coronary arteries.

OBJECTIVE To investigate the association of biologic therapy with coronary inflammation in

patients with psoriasis using the perivascular fat attenuation index (FAI), a novel imaging

biomarker that assesses coronary inflammation bymapping spatial changes of perivascular

fat composition via coronary computed tomography angiography (CCTA).

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study performed from January

1, 2013, throughMarch 31, 2019, analyzed changes in FAI in patients with moderate to severe

psoriasis who underwent CCTA at baseline and at 1 year and were not receiving biologic

psoriasis therapy at baseline.

EXPOSURES Biologic therapy for psoriasis.

MAIN OUTCOMES ANDMEASURES Perivascular FAI mappingwas performed based on an

establishedmethod by a reader blinded to patient demographics, visit, and treatment status.

RESULTS Of the 134patients (mean [SD] age, 51.1 [12.1] years; 84 [62.5%]male),most had low

cardiovascular risk by traditional risk scores (median 10-year FraminghamRisk Score, 3%

[interquartile range, 1%-7%]) andmoderate to severe skin disease.Of these patients, 82

receivedbiologic psoriasis therapy (anti–tumor necrosis factor α, anti–interleukin [IL] 12/23,

or anti–IL-17) for 1 year, and 52did not receive anybiologic therapy andwere given topical or light

therapy (control group). At baseline, 46patients (27 in the treated group and 19 in the untreated

group) had a focal coronary atherosclerotic plaque. Biologic therapywas associatedwith a

significant decrease in FAI at 1 year (median FAI −71.22HU [interquartile range (IQR), −75.85 to

−68.11 HU] at baseline vs −76.09HU [IQR, −80.08 to −70.37HU] at 1 year;P < .001) concurrent

with skin disease improvement (medianPASI, 7.7 [IQR, 3.2-12.5] at baseline vs 3.2 [IQR, 1.8-5.7]

at 1 year;P < .001),whereas no change in FAIwas noted in those not receiving biologic therapy

(median FAI, −71.98 [IQR, −77.36 to −65.64] at baseline vs −72.66 [IQR, −78.21 to −67.44]

at 1 year;P = .39). The associationswith FAIwere independent of the presence of coronary

plaque andwere consistent amongpatients receiving different biologic agents, including

anti–tumor necrosis factor α (median FAI, −71.25 [IQR, −75.86 to −66.89] at baseline vs −75.49

[IQR, −79.12 to −68.58] at 1 year;P < .001) and anti–IL-12/23 or anti–IL-17 therapy (median FAI,

−71.18 [IQR, −75.85 to −68.80] at baseline vs −76.92 [IQR, −81.16 to −71.67] at 1 year;P < .001).

CONCLUSIONS AND RELEVANCE In this study, biologic therapy for moderate to severe

psoriasis was associated with reduced coronary inflammation assessed by perivascular FAI.

This finding suggests that perivascular FAI measured by CCTAmay be used to track response

to interventions for coronary artery disease.

JAMA Cardiol. 2019;4(9):885-891. doi:10.1001/jamacardio.2019.2589

Published online July 31, 2019.

Supplemental content

Author Affiliations:Author

affiliations are listed at the end of this

article.

Corresponding Author:Nehal N.

Mehta, MD, MSCE, National Heart,

Lung, and Blood Institute, National

Institutes of Health, 10 Center Dr,

Clinical Research Center,

Room 5-5140, Bethesda, MD 20892

(nehal.mehta@nih.gov).

Research

JAMACardiology | Original Investigation

(Reprinted) 885

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2019.2589&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.2589
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2019.2589&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.2589
mailto:nehal.mehta@nih.gov


C
hronic inflammatory diseases, including psoriasis, are

associated with increased cardiovascular (CV) risk,

which may be reduced when treating the underlying

psoriasis.1-4 This finding has opened interest to whether

treating areas of low-grade inflammation in the body may be

associatedwithdownstreamCVrisk.A study2ofpatientswith

moderate to severe psoriasis recently found that treatment of

psoriasis with biologic therapy, including anti–tumor necro-

sis factor α (TNF-α), anti–interleukin (IL) 17, or anti–IL-12/23

therapy, may modulate coronary plaque compared with no

biologic therapy.

The perivascular fat attenuation index (FAI) is a com-

puted tomography (CT)–based, novel, noninvasive imaging

technique that allows for direct visualization and quantifica-

tion of coronary inflammation using differential mapping of

attenuation gradients in pericoronary fat.5,6Coronary inflam-

mationmay provide clues about the risk of developing future

atherosclerosis and the stability of existing atherosclerotic

plaques; abnormal perivascular FAI was recently found to be

associated with a 6- to 9-fold increased risk of major adverse

cardiacevents.6 Inhibitionofperivascularadiposetissue (PVAT)

adipogenesisby localproinflammatorycytokines releasedfrom

within the diseased coronary arteries results in lipolysis, in-

hibits adipogenesis, and triggers edema within PVAT,5 thus

leading to ahigherwater-lipid ratio closer to the inflamedvas-

cular wall compared with non-PVAT that is distant from the

vascular wall.7 Coronary computed tomography angiogra-

phy (CCTA) allows 3-dimensional assessment of these gradi-

ents of PVATcomposition, capturedbymapping theweighted

attenuation gradients within the perivascular space.5

Giventhatbiologic therapyhasbeen foundtobeassociated

with reduced noncalcified coronary plaque burden in patients

with psoriasis,2we hypothesized that treatment with biologic

psoriasis therapywould also be associatedwith a reduction in

coronary inflammationassessedasperivascularFAIafter 1year

of treatment.Wealsohypothesized that the associationwould

be seeneven in the absenceof coronary atherosclerotic plaque

if these treatments are to be associated with a reduced risk of

developing coronary atherosclerosis prospectively.

Methods

Study Design and Population

In thisprospectivecohort study,310participantswererecruited

fromanongoingcohort studytoassess theassociationbetween

psoriasis and cardiometabolic disease under the Psoriasis,

Atherosclerosis and Cardiometabolic Disease Initiative from

January 1, 2013, throughMarch 31, 2019, with 257 completing

1yearof follow-up.Studyprotocolswereapprovedby the insti-

tutional review board at the National Institutes of Health, and

allparticipantsprovidedwritteninformedconsent.Alldatawere

deidentified. The studywasperformed in accordancewith the

Declaration of Helsinki.8 The Strengthening the Reporting of

Observational Studies in Epidemiology Guidelines (STROBE)

were followed for reporting the findings.

Weanalyzedpatientswithmoderatetoseverepsoriasiswho

werenotundergoingbiologic treatment forat least3monthsbe-

forestartingbiologic therapyatbaselinefora1-year interval.Par-

ticipantswhoelected tonot receivebiologic therapyduring this

1-year intervalwereusedasacontrolgroupandweretreatedwith

topical and/or light therapies only. Treatment was initiated by

a referringdermatologist (J.A.R., B.L.) basedon thephysician’s

recommendation.Ourprotocol stipulates thatpatientswithse-

verepsoriasiswhohavenot startedbiologic therapyare invited

to joinour4-yearcohortstudy.Allpatients includedinthisstudy

qualified for biologic therapy at baseline until and unless their

disease was resistant to biologic therapy, they had contraindi-

cations,or theydeclinedthis treatment.Of310participants, 134

consecutivepatientswithpsoriasiswere included inouranaly-

sesbasedontheinclusioncriteriaandinwhomFAIhasbeenana-

lyzed to date (eFigure in the Supplement).

CCTA Acquisition

AllpatientsunderwentCCTAatbaselineandat1yearonthesame

day as blood sample obtainment using the same CT scanner

(320-detector row Aquilion ONE ViSION; Toshiba) following

Society of Cardiovascular Computed Tomography acquisition

guidelines.9Guidelines implementedbytheNational Institutes

ofHealthRadiationExposureCommitteewere followed. Scan-

ningwasperformedwithprospectiveelectrocardiographicgat-

ing,witha 100-or 120-kV tubepotential, tubecurrentof 100 to

850mAadjustedtothepatient’sbodysize,andagantryrotation

timeof275milliseconds. Imageswereacquiredatasectionthick-

ness of 0.5mmwith a section increment of 0.25mm.4

Coronary Artery Perivascular FAI Analysis

PerivascularFAIwasmeasuredaroundtheproximal right coro-

naryarteryanddefinedas theweightedmeanattenuationofall

adipose tissue–containingvoxels (−190to−30Hounsfieldunits

[HU]) locatedwithina radialdistance fromtheoutervesselwall

equaltothediameteroftherespectivevessel.Analyseswereper-

formed using the CaRi-HEART algorithm (Caristo Diagnostics)

adjusted for scan-specific settings, aspreviouslydescribedand

validated.5,6Toavoid theeffectsof theaorticwall,weexcluded

themost proximal 10mmof the right coronary artery and ana-

lyzed the proximal 10 to 50 mm of the vessel, as described

previously.5,6Theselectionof therightcoronaryarterysegment

Key Points

Question Is biologic therapy for psoriasis associated with a

change in coronary inflammation as assessed by the perivascular

fat attenuation index?

Findings In this cohort study of 134 consecutive patients with

moderate to severe psoriasis, biologic therapy was associated with

a significant decrease in coronary inflammation as assessed by

perivascular fat attenuation index, a marker of coronary

inflammation associated with cardiovascular outcomes. Patients

not receiving biologic therapy had no change in perivascular fat

attenuation index at 1 year.

Meaning The findings suggest that biologic therapy for moderate

to severe psoriasis is associated with a reduction in coronary

inflammation assessed as perivascular fat attenuation index and

thus that perivascular fat attenuation indexmay be used to track

response to interventions in the coronary artery.
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wasbasedonapriorhistologic andgeneexpressionstudy5 that

found an association of the perivascular attenuation gradients

around this standardized segmentwith subclinical atheroscle-

rosis andcoronary inflammation. In stablepatients, perivascu-

lar FAI around the right coronary artery is associated with the

perivascularFAI around the left anteriordescendingarterybut

offersamore reliablemetricof coronary inflammationowing to

the absence ofmajor branches and abundance of perivascular

fat in the right atrioventricular groove.5,6All scanswereanony-

mized,andthereaderwasblindedtodemographics, treatment,

andtimeofthescan. Intraobserverandinterobserveragreement

for the perivascular FAI were very good (intraclass correlation

coefficients, 0.987 [P < .001] for intraobserver agreement and

0.980 [P < .001] for interobserver agreement).

Statistical Analysis

Skewnessandkurtosismeasureswereconsideredtoassessnor-

mality.Datawerereportedasmean(SD)forparametricvariables,

median with interquartile range (IQR) for nonparametric vari-

ables,andpercentages forcategoricalvariables.Parametricvari-

ableswerecomparedbetween2groupsusingthe t test,whereas

thepaired t testwasusedfor longitudinalanalyses.Nonparamet-

ricvariableswerecomparedusingtheWilcoxonsignedranktest

for paired and Mann-Whitney test for independent groups,

whereas thePearsonχ2 testwasperformed for categorical vari-

ablesbetween2groups.Toexaminethe interactionbetweenthe

treatmentgroupandchangeinperivascularFAIduring1year,we

alsoperformeda2-factormixedanalysisofvariancewithatreat-

ment × timepoint interaction (normalityof thedependentvari-

ablewasfirstconfirmedusingaShapiro-Wilktest).Posthocanaly-

sesforbetween–timepointcomparisonsineachtreatmentgroup

werealsoperformedandadjustedformultiplecomparisonsusing

the Bonferronimethod. To assess the robustness of our obser-

vations given the nonrandomized nature of our study, we re-

peated theanalysis afterpropensity scorematchingofpatients

allocatedtotreatmentwithvswithoutbiologicsbasedonrelevant

clinical variables (age, sex, race/ethnicity, body mass index,

hypertension,hypercholesterolemia,diabetesmellitus, smok-

ing,10-yearFraminghamRiskScore, totalcholesterol level,high-

density lipoprotein level, systolic anddiastolic bloodpressure,

antihyperlipidemic therapy, Psoriasis Area and Severity Index

[PASI]severityscore[whichcombinestheseverityof lesionsand

the area affected into a single score, considering erythema,

induration,anddesquamationwithineach lesion],andthetime

sincepsoriasisdiagnosis) anda tolerance level of0.1.A2-tailed

P < .05was considered tobe statistically significant. Statistical

analysiswasperformedusingStata,version12 (StataCorp),SPSS

Statistics forWindows,version22.0 (IBMCorp), andGraphPad

Prism 7.0 (GraphPad Software Inc).

Results

Baseline Characteristics of Study Groups

The 134 patients with psoriasis weremiddle-aged (mean [SD]

age, 51.1 [12.1] years), predominantlymale ([62.5%]), at lowCV

riskbytraditional riskscores (median10-yearFraminghamRisk

Score, 3% [IQR, 1%-7%]), andhadmoderate to severe skindis-

ease. Study participants had low CV risk by traditional risk

scores, with moderate to severe skin disease involvement at

baseline (Table1).Of the134patients,82receivedbiologic (anti–

TNF-α,anti–IL-12/23,oranti–IL-17)psoriasis therapy (treatment

Table 1. Baseline Characteristics of PatientsWith Psoriasisa

Characteristic
Patients Treated With Systemic
or Biologic Therapy (n = 82)

Patients Not Treated With Systemic
or Biologic Therapy (n = 52) P Valueb

Age, mean (SD), y 49.7 (12.3) 51.4 (12.4) .41

Male 48 (58.5) 36 (69.2) .85

BMI, mean (SD) 29.7 (6.4) 28.5 (5.3) .19

Hypertension 24 (29.3) 14 (26.9) .84

Hyperlipidemia 35 (42.7) 26 (50.0) .35

Statin treatment 23 (28.0) 17 (32.7) .52

Type 2 diabetes 9 (11.0) 5 (9.6) .92

Current smoker 10 (12.2) 4 (7.7) .15

Cholesterol level,
mean (SD), mg/dL

Total 180.8 (35.9) 184.0 (39.5) .25

HDL-C 56.2 (16.4) 55.9 (15.8) .31

LDL-C 102.7 (28.9) 106.0 (30.9) .17

Framingham risk score,
median (IQR)

3 (1 to 6) 3 (1 to 7) .41

C-reactive protein level,
median (IQR), mg/L

2.2 (0.8 to 5.5) 2.0 (0.6 to 3.5) .68

HOMA-IR, median (IQR) 3.0 (1.8 to 5.4) 2.2 (1.5 to 4.7) .43

PASI score, median (IQR) 7.7 (3.2 to 12.5) 6.0 (3.7 to 10.0) .19

Disease duration, mean (SD), y 22.8 (14.1) 21.0 (14.1) .44

Topical therapy 49 (59.8) 36 (69.2) .52

Light therapy 14 (17.1) 7 (13.5) .23

Perivascular FAI, median (IQR), HU −71.22 (−75.85 to −68.11) −71.98 (−77.36 to −65.64) .70

Abbreviations: BMI, bodymass index

(calculated as weight in kilograms

divided by square of height in

meters); FAI, fat attenuation index;

HDL-C, high-density lipoprotein

cholesterol; HOMA-IR, homeostasis

model assessment of insulin

resistance; HU, Hounsfield units;

IQR, interquartile range;

LDL-C, low-density lipoprotein

cholesterol; PASI, Psoriasis Area

and Severity Index.

SI conversion factors: To convert

C-reactive protein to nanomoles

per liter, multiply by 9.524;

cholesterol to millimoles per liter,

multiply by 0.0259.

a Data are reported as number

(percentage) of patients unless

otherwise indicated.

bTwo-tailed P < .05 deemed to be

statistically significant.
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group)at 1year,whereas52didnot receiveanysystemicorbio-

logic therapy (control group). No significant differences were

found indemographiccharacteristics,baselinemedicationuse,

or laboratory values between the 2 groups. Baseline coronary

inflammation as assessed by perivascular FAI was similar be-

tween groups (Table 1). In addition, 46 patients (27 in the

treated group and 19 in the untreated group) had a coronary

atherosclerotic plaque at baseline.

Modulation of Coronary Inflammation After Treatment

At 1-year follow-up (Table 2), no significant change was

found in body mass index, lipids, or glucose. A significant

PASI score improvement between baseline and 1 year was

seen in the treatment group (58% improvement, P < .001),

whereas a nonsignificant reduction in PASI score was seen in

the control group (median score, 6.0 [IQR, 3.7-10.0] vs 4.6

[IQR, 2.1-6.9]; P = .10). Moreover, a reduction in high-

sensitivity C-reactive protein level was seen only in the

treatment group (median, 2.2 mg/L [IQR, 0.8-5.5 mg/L] vs

1.3 mg/L [IQR, 0.7-3.7 mg/L]; P = .03). In the treatment

group, a significant decrease was found in coronary inflam-

mation as assessed by perivascular FAI after 1 year of therapy

(median, −71.22 HU [IQR, −75.85 to −68.11 HU] vs −76.09 HU

[IQR, −80.08 to −70.37 HU]; P < .001), whereas no signifi-

cant change in coronary inflammation was noted in the con-

trol group (median, –71.98 HU [IQR, –77.36 to –65.64 HU] vs

–72.66 HU [IQR, –78.21 to –67.44 HU]; P = .39) (Table 2 and

Figure 1). This association of treatment with a decrease in

FAI was consistent among different biologic agents, includ-

ing anti–TNF-α, anti–IL-12/23, and anti–IL-17 (Figure 1). The

median change in perivascular FAI in the treated group was

–3.73 HU (IQR, –8.72 to –0.25 HU) (Figure 2A). The range of

observed responses is presented in Figure 2B, which shows

perivascular FAI heatmaps for patients who had a great

response, moderate response, and modest response to bio-

logic therapy.

To further assess the robustness of our observations for

confounders and variables thatmay have affected the alloca-

tionof patients to treatmentwith vswithout biologics,we ap-

plied propensity score matching. After the identification of

matched groups of patients treated with vs without systemic

or biologic therapy (45patients in each group) (Figure 3A),we

replicated our previous observation that biologic therapy but

not topical therapy was associated with a significant reduc-

tion in perivascular FAI.

Finally,weperformedasubgroupanalysis to investigate the

changeinFAIinpatientswithandwithoutcoronaryplaque-based

treatmentduring1year.PerivascularFAIwassignificantlyattenu-

Table 2. One-Year Follow-up Characteristics and Treatment Effects in PatientsWith Psoriasis

Characteristic

Patients Treated With Systemic
or Biologic Therapy (n = 82)

Patients Not Treated With Systemic
or Biologic Therapy (n = 52)

Baseline 1 y P Value Baseline 1 y P Value

Cholesterol level, mean (SD), mg/dL

Total 180.8 (35.9) 184. 9 (42.4) .18 184.0 (39.5) 184.5 (44.2) .47

HDL-C 56.2 (16.4) 57.6 (22.0) .49 55.9 (15.8) 57.9 (19.3) .13

LDL-C 102.7 (28.9) 103.2 (34.3) .60 106.0 (30.9) 103.8 (38.8) .42

Framingham risk score, median (IQR) 3 (1 to 6) 2 (1 to 5) .82 3 (1 to 7) 4 (1 to 6) .56

C-reactive protein level, median (IQR), mg/L 2.2 (0.8 to 5.5) 1.3 (0.7 to 3.7) .03 2.0 (0.6 to 3.5) 1.5 (0.6 to 3.2) .12

HOMA-IR, median (IQR) 3.0 (1.8 to 5.4) 3.7 (2.0 to 5.7) .31 2.2 (1.5 to 4.7) 2.6 (1.3 to 5.2) .23

PASI score, median (IQR) 7.7 (3.2 to 12.5) 3.2 (1.8 to 5.7) <.001 6.0 (3.7 to 10.0) 4.6 (2.1 to 6.9) .10

Topical therapy 49 (59.8) 36 (43.9) .03 36 (69.2) 37 (71.2) .78

Light therapy 14 (17.1) 9 (11.0) .13 7 (13.5) 8 (15.4) .66

Perivascular FAI, median (IQR), HU −71.22
(−75.85 to −68.11)

−76.09
(−80.08 to −70.37)

<.001 −71.98
(−77.36 to −65.64)

−72.66
(−78.21 to −67.44)

.39

Abbreviations: FAI, fat attenuation index; HDL-C, high-density lipoprotein

cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance;

HU, Hounsfield units; IQR, interquartile range; LDL-C, low-density lipoprotein

cholesterol; PASI, Psoriasis Area and Severity Index.

SI conversion factors: To convert C-reactive protein to nanomoles per liter,

multiply by 9.524; cholesterol to millimoles per liter, multiply by 0.0259.

a Data are reported as number (percentage) of patients unless otherwise

indicated.

Figure 1. Perivascular Fat Attenuation Index (FAI)
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atedwith biologic treatment during 1 year in patientswith and

without coronary artery disease (eTable in the Supplement).

Discussion

In this study, we found that biologic therapy in patients with

moderate to severe treatment-naive psoriasis at baselinewas

associatedwitha reduction incoronary inflammationat 1year.

Those not treated with biologic therapy but with solely topi-

cal and/or light therapiesdidnothave a change in coronary in-

flammation. In addition, when stratified by the presence of

coronary plaque, the observed association was independent

of thepresenceof coronaryatherosclerosis. In this small group

ofpatients, subgroupanalysesamongdifferentcommonlyused

biologic agents for psoriasis, including anti–TNF-α and anti–

IL-12/23 or anti–IL-17 therapy, revealed a similar association

with each biologic therapy.

Figure 2. Response to Biologic Therapy During 1 Year in PatientsWith Psoriasis
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Atherosclerosis isan immune-mediatedphenomenonwith

inflammation that accounts for 20%to30%of residual risk for

CV events,10-12 which is not captured by traditional risk

factors.10 In addition, those with chronic inflammatory dis-

eases have a disproportional rate of CV events evidenced by

increased subclinical aortic vascular inflammation, coronary

artery calcium, and coronary plaque burden compared with

age- and sex-matched counterparts.4,10,13,14 A recent study2

found that elevated coronary plaque burden in this popula-

tion may be mitigated by use of biologic therapies; however,

whether this was a direct effect of quelling coronary inflam-

mation was not investigated.

Perivascular FAI is a novel, validated technique that al-

lowsdirectdetectionofcoronary inflammationonCCTA.5Peri-

vascular FAI was associated with all-cause mortality, cardiac

mortality, and nonfatal acutemyocardial infarction events in

a largepopulation study, independently of traditional risk fac-

tors, the extent of coronary atherosclerosis, and the presence

ofhigh-riskplaque features.6PerivascularFAI canalsobeused

toreliablyseparateunstable fromstable lesions inpatientswith

acute coronary syndromes and allows the detection of re-

sidual inflammatory risk not captured by current traditional

CV risk factors.6,15

After the reporting of the prognostic value of perivascu-

lar FAI mapping for adverse cardiac events,6 one of the main

questions remains whether perivascular FAI can bemodified

using anti-inflammatory interventions. Although this was a

small study and needs to be confirmed with larger random-

ized clinical trials, to our knowledge, it is the first to assess the

associationof biologic therapywith coronary inflammation in

patientswithpsoriasis as assessedbyFAI.Our finding that ini-

tiation of biologic psoriasis therapy was associated with im-

provement incoronary inflammationsuggests that these thera-

pies may have a direct association with coronary vasculature

and its microenvironment, with the potential to prevent the

development of atherosclerotic plaques. We believe that the

strengthofperivascularFAI in risk stratifyingpatientswith in-

creased coronary inflammation will allow for better identifi-

cationofpatients at increased riskof futuremyocardial events

that are not captured by traditional CV risk factors. The util-

ity of this modality is that it is noninvasive, relatively cost-

effective, and reliable in early studies to potentially identify

patients at greater risk of future CV events and evaluate

whether pharmacologic interventions, particularly anti-

inflammatory therapies, may improve coronary inflamma-

tion. Thus, assessment of coronary inflammation through the

perivascular FAI may serve to guide therapy intensity to

reduce CV risk in patients.

Limitations

This was an observational study and thus subject to error

introduced by treatment selection bias and unmeasured

confounding. For example, a previous observational study10

found improvements in aortic vascular inflammation with

TNF inhibitors, but no change was observed in adequately

powered randomized clinical trials.16 Therefore, these find-

ings should be confirmed in prospective randomized clinical

trials. However, we tried to minimize the bias inherent to all

observational studies by adding a propensity score matching

analysis, which we believe strengthens our findings. Biologic

therapy was administered in an open-label, nonrandomized

fashion in a small sample size during 1 year. Also, we did not

study hard CV end points to suggest that responsiveness of

perivascular FAI to biologic treatment is associated with

reduced CV risk in psoriasis. Our protocol stipulates that

patients are followed up for 4 years; after enrollment, we

plan to perform plaque-specific analyses to further under-

stand the association between FAI and coronary plaque to

examine whether frank coronary plaque will develop where

there is no plaque but abnormal FAI and to elucidate pos-

sible causal mechanisms for these findings. Future studies

will be needed to explore whether the residual CV risk

detected by perivascular FAI can be attenuated using

targeted anti-inflammatory interventions.

Conclusions

The findings suggest that biologic therapy in psoriasis is as-

sociated with a decrease in coronary inflammation as as-

sessed byperivascular FAI. This observationwarrants further

follow-up to understand the potential association of these

treatments with future CV events. Our study was the first,

to our knowledge, to introduce FAI as a biomarker of coro-

nary inflammation that enables tracking of response to anti-

inflammatory treatments in the human coronaries.
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